Objective. To analyze the socioeconomic inequalities in health among the population of older adults in Mexico. Materials and methods. Analysis of two national health surveys in Mexico (Ensanut 2012 and Ensanut 100k) in which inequality gradients are estimated for various health and nutrition outcomes of older adults over 60 years, using the Relative Index of Inequality (RII) and the Slope Index of Inequality (SII). Results. Older adults with lower socioeconomic status had worse levels of cognition, instrumental activities of daily living, depressive symptoms, muscle mass, low weight, and anemia. Conclusions. Substantial socioeconomic inequalities in health were observed in this study. Given the rapid growth of the population of older adults in Mexico, our results indicate that urgent actions are necessary to achieve health equity in this population group, particularly universal access to health, as well as universal coverage of health services.
H ealth equity is a commitment that many of the countries have acquired as part of the 2030 Agenda for Sustainable Development. 1 It implies the creation of equal opportunities for the health and well-being of all individuals. However, across the world, especially in low-and middle-income countries, there are still profound differences and lags in terms of health equity. The population groups with the worst health outcomes (physical and mental) are also those that exhibit greater economic inequalities, such as lower levels of income and consumption, few educational opportunities, limited access to health services, as well as marginalization, exclusion, and discrimination. 2, 3 International studies have shown that some socioeconomic conditions (educational level and income) are associated with multiple health outcomes in the older adult population, such as functional limitations, 4 multimorbidity, 5 frailty, 6 gait speed, 7 and oral health. 8 For Mexico, significant associations have been reported for functional limitations, 9 depression, 10 auditory and visual impairment, 11 life expectancy and disability-free life expectancy. 12 Despite this evidence, specific studies on socioeconomic inequalities in health are still scarce in low-and middle-income countries. In particular, they have used the educational level and income as covariates, meaning that the level of inequality is not quantified through indices that have been specifically designed for that purpose. 13 Also, the results have not been sufficiently discussed from a health inequalities perspective. 14 In the specific case of Mexico, socioeconomic inequality is still a major problem that affects mainly disadvantaged population groups (women, rural people, older adults, etc.). Analyzing the potential gaps in health and nutrition for older adults in Mexico from a perspective of health inequities would provide us needed and useful information for the promotion and management of health among this age group.
In this study, we analyze the socioeconomic inequalities in health and nutrition among the older adult population in Mexico. Our hypothesis is that older adults living with greater economic deficits will have worse results in the analyzed health and nutrition indicators.
Materials and methods

Study population
We used data from two national surveys with information on health and nutrition for the older adult population in Mexico: the National Health and Nutri-tion Survey 2012 and the Health and Nutrition Survey 100k (Ensanut 2012 and Ensanut 100k by their Spanish acronyms, respectively).
The methodological details of the Ensanut 2012 have been described previously. 15 Briefly, Ensanut 2012 was a probabilistic and multistage survey with a sample of 55 008 households. In each household, an adult aged 20 years or more was selected to respond to the individual questionnaire that included sociodemographic and health information. From this study, we selected a subsample of 5 846 individuals aged 60 years and over from localities of 100 000 inhabitants or less.
Regarding the Ensanut 100k (2018), a detailed description of the methodology and design of the survey has been published elsewhere. 16 The target population was the households of the localities with 100 000 inhabitants or less. The survey included 11 441 households. One adult aged 20 years or more was selected in each household for applying an individual questionnaire in order to collect sociodemographic and health information. Within this group, 1 762 interviews were conducted with older adults aged 60 years and over.
Design
The comparison groups in this study were defined as follows. For the Ensanut 2012, we generated an asset index with a total of 16 dichotomous variables related to a set of characteristics of housing and ownership of household assets. Quartiles were generated from this index, of which the 4 th quartile identifies the group with the best SES.
For the Ensanut 100k, the procedure was similar: an asset index was generated (with the same characteristics of housing and household assets), as described in its design. 16 The sample was then divided into tertiles according to the SES, due to the sampling design (not done by the authors of this article). For this reason, the comparison group for the Ensanut 100k consists of the 1 st tertile, representing households with lower socioeconomic status (SES).
The comparison groups for the analysis of the socioeconomic inequalities in health comprised the 4 th quartile of the Ensanut 2012 for localities with 100 000 inhabitants or less (850 older adults) and the 1 st tertile of the Ensanut 100k (1 182 older adults). report of subjective memory complaint, which was defined as present if the individual claimed to have severe memory problems. 17 Second, the verbal fluency test that evaluates an individual's ability to name all possible elements within a category (animals, proper names, plants) in a certain period, usually one minute. A higher number of evoked elements imply a better cognitive function. 18 Third, using the verbal fluency test, a variable that determines the presence of cognitive impairment was defined, as recommended for the Mexican older adult population. 18 Depressive symptoms. We used the short seven-item version of the Center for Epidemiologic Studies Depression Scale (CES-D). We determined the presence of clinically significant depressive symptoms when CES-D≥5. 19 Functionality. We used the items that were comparable between the surveys for the difficulties in basic activities of daily living (ADL) and the difficulties in instrumental activities of daily living (IADL). We used the Katz scale 20 for ADL, which include bathing, dressing, and going to bed or getting out of bed. We also used the Lawton scale 21 to assess IADL, such as preparing food, taking medications, and managing money. Participants who reported requiring help or being unable to carry out at least one of the above activities were considered to have impaired functional capacity.
Definition of variables
Falls. The number of falls was measured based on an individual questionnaire, in which we asked older adults: how many falls have you had in the last twelve months?
Nutrition outcomes
Anthropometric measurements (weight, height, waist and calf circumferences), determination of capillary blood and measurement of blood pressure were carried out using standardized procedures. 22 Body Mass Index (BMI). The BMI was calculated using the weight (kg) and height (cm) (BMI=Weight [kg]/ Height [m 2 ]) and classified according to the criteria of the World Health Organization (WHO): low weight (<18.5 kg/m 2 ), normal (18.5 to 24.9 kg/m 2 ), overweight (25.0 to 29.9 kg/m 2 ) and obesity (≥30.0 kg/m 2 ).
Calf circumference (CC). This was measured around the thickest part of the calf or at the midpoint between the knee and the base of the heel. As an approximation to the measurement of muscle mass, low muscle mass was defined as CC<31 cm.
Waist circumference (WC). This was measured by identifying the midpoint between the lower rib and the iliac crest. Abdominal obesity was defined as WC≥80 cm in women and ≥90 cm in men.
Anemia. The concentration of hemoglobin (Hb) was determined in capillary blood by puncturing the ring finger, using a portable photometer (Hemocué). Anemia was defined considering the WHO criteria, adjusting Hb values by altitude over the sea level: 23 Hb<12 g/dL in women, and <13 g/dL in men.
Socioeconomic status
An asset index was generated, calculated separately for each survey, and used as an indicator of the SES, following a standard approach proposed by the WHO to estimate the permanent income of the household through the ownership of goods, certain characteristics of the housing, and access to certain services such as water, sanitation, and electricity. 24 
Covariates
We included the following sociodemographic and health-related characteristics: sex (female=1), age, and the previous medical diagnosis (self-report) of the following chronic conditions: diabetes, hypertension, hypercholesterolemia, cardiovascular disease, cerebrovascular event, and cancer. With this information, we defined a variable that identifies the presence of multimorbidity in the older adult, where 1 represents having 2 or more conditions, and 0, having one condition or none.
Statistical analysis
Descriptive statistics were calculated in order to characterize the study populations of the localities with 100 000 inhabitants or less (Ensanut 2012 and Ensanut 100k). Two indices were explicitly proposed for making comparisons based on these inequalities in order to estimate the magnitude of health inequalities (absolute and relative): Relative Index of Inequality (RII) and Slope Index of Inequality (SII). RII and SII are summary measures that consider the distribution of the population across the different socioeconomic groups. 13 They are continuous measures that assign a value to each group, based on its relative position in the cumulative population distribution for each socioeconomic indicator (income, education, index of assets). In both cases, higher values of these indices indicate greater socioeconomic inequalities in health. According to what has been suggested in the literature, 25 we used generalized linear models with a logarithmic link function to calculate RII, and with an identity link function to calculate SII. In the first case, the estimated parameters have an interpretation as rate ratios, and in the second, as rate differences. Since these are basically regression models, both indices (RII and SII) are adjusted for potential confounders.
The characteristics of the participants were described using arithmetic means, standard deviations (SD) and proportions where appropriate. For the bivariate analyses, we used proportions or t-Student tests for the two surveys. In all the analyses, the complex design of the surveys was taken into account.
All statistical analyses were performed with Stata 15.1 (StataCorp LP, College Station, TX, USA). Point estimators, 95% confidence intervals, and p values were reported. Differences were considered significant if the p value was <0.05.
Ethical review
The Ethics and Research Committees of the National Institute of Public Health approved the implementation of the Ensanut 2012 and the Ensanut 100k. All participants received a detailed explanation of the survey procedures and signed an informed consent letter.
Results
The final sample consisted of 2 032 older adults aged 60 and over of the localities with 100 000 inhabitants or less; 58% were women, whose mean age was 70.9 years (SD 8.14). The average number of chronic diseases was 1.08 (SD 0.98), and the prevalence of multimorbidity was 32%. Table I shows the characteristics of the study population according to each survey; no significant differences were observed.
The outcomes in health and nutrition according to each survey are shown in table II. For the health outcomes, significant differences were observed in mental health: verbal fluency (p<0.01), and depressive symptoms (p=0.01). Regarding functionality, no significant differences were observed for the basic activities of daily life, although for the IADL, worse conditions were observed in all activities in the older adults of Ensanut 100k (p<0.01). The prevalence of falls in the last year was higher for those older adults who participated in Ensanut 100k (p<0.01). As for the nutrition outcomes, worse conditions were observed in the older adults of the Ensanut 100k for muscle mass (p=0.01), calf circumference (p<0.01), low weight (p<0.01) and the presence of anemia (p<0.01). However, they had a lower prevalence of obesity (p<0.01) and abdominal obesity (p=0.03), and a higher prevalence of normal weight (p<0.01). Table III shows the estimated socioeconomic inequalities in health and nutrition for the analyzed outcomes. Socioeconomic inequalities were observed (in absolute SII and relative RII scales) for the following health variables: verbal fluency (SII=-1.76, RII=0.17); depressive symptoms (SII=0.14, RII=1.45); difficulty in ADL (SII=-0.05, RII=0.56); difficulty in IADL (SII=0.20, RII=1.83), and prevalence of falls (SII=0.16, RII=1.51). In terms of nutrition outcomes, socioeconomic inequalities were observed in low muscle mass (SII=0.11, RII=1.72); calf circumference (SII=-1.30, RII =0.27); low weight (SII=0.01, RII=6.51), and incidence of anemia (SII=0.22, RII=2.80). In all these cases, the group of older adults who participated in the Ensanut 100k (i.e. those with a lower SES) exhibited the worst health conditions. However, it should also be mentioned that they had better conditions in terms of normal weight (SII=0.19, RII=1.92), obesity (SII=-0.15, RII=0.64); waist circumference (SII=-4.75, RII=0.009), and abdominal obesity (SII=-0.11, RII=0.90).
Discussion
The results of this study corroborate what has been reported about socioeconomic inequalities in health and give empirical support to our hypothesis: older adults living under lower socioeconomic conditions exhibit worse levels in various health and nutrition outcomes. 26 These results are similar to those of certain previous studies of populations of older adults in that they also report the use of indices comparable to ours (RII and SII), as well as some of the outcomes analyzed here. For the cognitive function, a study conducted in England, in which socioeconomic inequality was considered in childhood (father's occupation) and in adulthood (occupation of the head of the household), found that older adults with a better SES had a better cognitive performance compared to those with a worse SES. 27 Specifically, it was reported that a lower SES in childhood resulted in a lower verbal memory, measured through the evocation of correct words (SII=-4.72; 95%CI:-5.84,-3.61), and a similar association was found (SII=-6.67; 95%CI:-5.84,-3.61) for the same indicator in adulthood. In our study, which used the verbal fluency test (which consists in correctly evoking as many animals as possible), we found a similar association in direction and magnitude (SII=-1.76; 95%CI:-2.72,-0.79).
Regarding depression, a study with individuals aged 65 and over of Japan, 28 found that the older adults from the poorest income tertile had a higher In terms of functionality, a study of older Argentinians 29 reported that men in the most deprived quintile reported greater difficulties in IADL (RII=1.78; 95%CI: 1.06,2.51), a similar magnitude to that reported in this study (RII=1.83). Meanwhile, a longitudinal study of older adults in South Korea 30 found a similar association for both men (RII=3.33; 95%CI: 1.45,7.63) and women (RII=2.19; 95%CI:1.44,3.33).
In this study, we found significant inequalities in health for two anthropometric indicators (calf circumference and low muscle mass). Older adults with worse SES reported a higher prevalence of low muscle mass and a smaller average diameter of the calf circumference. To the best of our knowledge, this would be the first study to report this result. The evidence supports that muscle mass is strongly implicated in the maintenance of an independent life in old age. 31 Older adults with reduced calf circumference are in more risk of frailty and functional impairment. This result highlights the importance of identifying older adults with problems of muscle mass loss, who could also be the target of potential interventions for physical strengthening.
In our study, older adults with lower SES had the highest prevalence of anemia. We did not find similar results in health inequalities for this indicator in the older adult population. However, it is important to note that a recent study reported significant inequalities for the prevalence of anemia in infants and non-pregnant women in 45 low-and middle-income countries. 32 This result highlights the importance of analyzing this indicator in the older adult population, due mainly to the negative consequences that anemia may have on outcomes such as functional dependence, life quality and mortality.
Interestingly, we found that the prevalence of obesity and abdominal obesity was lower among older adults with worse SES, and so was the average diameter of the waist circumference. This result is different from what was reported in a study of older adult women in Korea. 33 In that study, the prevalence of obesity was found to be higher in women with lower educational level; however, there was no significant association with the income. In our case, it can be hypothesized that older adults with lower SES in Mexico still do not have severe problems of obesity as do their counterparts with a higher SES; therefore, it is likely that the socioeconomic deficiencies with which they live accentuate the problems of low weight, malnutrition, and anemia. In any case, it is necessary to conduct additional studies with more robust designs that will allow determining whether socioeconomic inequalities translate either into obesity or malnutrition for the older adult population with more considerable socioeconomic lags.
This study was subject to some limitations. First, it was not possible to build a SES gradient using only the Ensanut 100k, since this survey was representative of the lowest tertile of the SES by design. In that sense, we had to use the highest quartile of the SES of Ensanut 2012 (although restricting our sample to localities with 100 000 inhabitants or less) in order to carry out the estimation of health inequalities. It is assumed that health and nutrition conditions of older adults in Mexico have undergone some modifications in the period of six years (2012 to 2018); however, these possible modifications cannot be estimated until the current version of the Ensanut 2018-2019 is available. Even so, the magnitude of the inequalities observed in this study is similar to 
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Artículo originAl that of the results of studies that have estimated health inequalities among the population of older adults at the international level. Second, given that we use the self-report of chronic diseases, it is possible that the most economically disadvantaged groups -as the older adults of the Ensanut 100k-have less access to health services, and therefore less knowledge about the diseases they suffer, and thus the prevalence of these diseases may be underestimated. This would imply that the gaps observed in the analyzed indicators may be wider.
In conclusion, our study shows that there are important socioeconomic inequalities in health and nutrition for older adults in Mexico, so that those with the worst SES exhibit the lowest levels of well-being. This result has two important implications. First, given that socioeconomic health inequalities represent one of the most critical challenges faced by health systems at the global level, it is necessary to achieve universal access to health, as well as universal coverage of health services, because the notion of equity in health requires this. Second, that achieving equity in health requires a change in the practice of public health, by shifting the focus from the individuals and their risk behaviors to a multidisciplinary and intersectoral approach with an emphasis on the empowerment of individuals and their communities so that they may have control over their lives and circumstances.
